Objectives: To analyze the feasibility of carrying out endoscopic combined intrarenal surgery with supine miniaturized percutaneous nephrolithotomy and retrograde intrarenal surgery for patients with bilateral stones in a single session. Methods: The records of consecutive patients presenting with bilateral kidney stones who underwent endoscopic combined intrarenal surgery with miniaturized percutaneous nephrolithotomy (15-Fr miniaturized nephroscope) and retrograde intrarenal surgery on one side, and retrograde intrarenal surgery on the contralateral side were prospectively collected and analyzed. After the miniaturized percutaneous nephrolithotomy procedure, flexible uretero-renoscopy was carried out for active removal of the stone fragments. Subsequently, retrograde intrarenal surgery was carried out on the contralateral side. Results: Overall, 26 patients were included in the analysis. The stone-free rate of the initial endoscopic combined intrarenal surgery side was 76.9% (20/26), and the stone-free rate of the contralateral retrograde intrarenal surgery side was 92.3% (24/26). Complications occurred in two patients (postoperative bleeding and urinary tract infection); however, these conditions were completely resolved with appropriate medications within 2 weeks postoperatively. Univariate logistic regression analyses showed that accumulation of surgical experience (OR 117.3, P = 0.046) was a significant predictor for stone-free status. Conclusion: Carrying out endoscopic combined intrarenal surgery and contralateral retrograde intrarenal surgery in a single session for patients with bilateral stones is feasible and safe.
Introduction
Urologists have to routinely treat patients with bilateral renal stones, and therefore must choose the appropriate treatment method. Renal stones can be removed with extracorporeal SWL, RIRS or PCNL. According to the EAU guidelines, endoscopic surgery is considered an alternative treatment option to SWL for renal stones <20 mm. 1 However, surgeons' options, when managing contralateral renal or ureteral stones, differ based on stone size, stone burden and location of multiple stones; surgical feasibility including operative times, risks of increased cardiac load when lengthening anesthetic times, patients' positions and surgeons' skill-set must also be considered. Although carrying out a separate session of stone surgery might be helpful for some patients with bilateral stones, recent findings suggest that if lowrisk single-session surgery is possible, then surgeons would not need to carry out stone surgeries separately.
When considering bilateral stone surgery in a single session, the surgeon has different options, such as bilateral PCNL, ipsilateral PCNL with contralateral RIRS and bilateral RIRS. Recently, increases in the number of supine PCNL and RIRS, a minimally-invasive stone surgery, have helped to strengthen the possibility of carrying out bilateral stone surgery in a single session. Conventional PCNL with 30-Fr sheaths has been the treatment of choice for large renal stones (>20 mm). 1 However, because of the comparable SFR with standard PCNL and the lower risk of surgical morbidities, the potential for using the minimally-invasive mini-PCNL has increased. 2 Furthermore, ECIRS showed higher SFR than mini-PCNL or RIRS monotherapy. 3 This means that ECIRS of the supine mini-PCNL, combined with bilateral RIRS, might be feasible for managing patients with bilateral renal stones; because supine PCNL showed some advantages compared with prone PCNL for lower anesthetic risk, there was no need to change patients' position or to use stone forceps. 4 Therefore, the aim of the present study was to analyze the feasibility of carrying out ECIRS of the supine mini-PCNL and bilateral RIRS for patients with bilateral stones in a single-session in a prospective, observational study. Significant predictors of surgical outcomes were also analyzed.
Methods

Patients and study design
The records of consecutive patients who underwent an ECIRS of supine mini-PCNL with RIRS in the ipsilateral side and RIRS in the contralateral side in the same surgical session were prospectively included. All patients provided written informed consent for use of their information. The institutional review board of the investigators' hospital approved this observational design and the extraction of information from the database (approval number: 16-2013-11) . The present study was in accordance with the Declaration of Helsinki.
Eligible patients aged older than 20 years with planned bilateral stone surgery were included; the determination of active surgical removal of ipsilateral stones was based on the EAU guidelines. The indications for carrying out ECIRS were multiple stones difficult to be completely removed by a single procedure, or large renal stones and concomitant ureteral stones in the ipsilateral side or renal stones in the contralateral side. Contralateral renal stones were removed when patients accepted the risk of stone growth, infection or inflammation, or the presence of symptoms related to stones. Patients with hydronephrosis and complete ureteral obstruction or ureteropelvic junction obstruction were excluded. Patients with ongoing urinary tract infections, active bleeding or bleeding tendency, or anatomical abnormalities, including musculoskeletal deformities or stricture, were also excluded.
Surgical methods
Mini-PCNL procedures were similar to those of the previous investigations. 5 The patient was positioned in the semi-flank position with split legs as shown in Figure 1 . Percutaneous nephrostomy was carried out by an experienced uroradiologist on the day of, or 1 day before, the planned surgical day or by the same urologist (SY Cho) intraoperatively. The flank area was upholstered to a 30°angle from the table. The tract was dilated with an 18-Fr Ultraxx Nephrostomy Balloon (Cook Medical, Bloomington, IN, USA), and the 15-Fr Miniature Nephroscope (Richard Wolf, Knittlingen, Germany) was used. The 80-W holmium laser (Trimedyne, Irvine, CA, USA) was used to break stones. No stone forceps were used to extract fragmented stones, because the endoscopy irrigation pump (Stryker, Kalamazoo, MI, USA) enabled fragments to go out of the body spontaneously through the sheath. 6 After PCNL procedure, flexible ureterorenoscopes were inserted into the PCNL side in an antegrade or a retrograde manner, and active removal of remnant stones was carried our simultaneously, as shown in Figure 1 . A double-J stent was routinely inserted. The nephrostomy tubes or guidewires were left behind in the few cases with risk of bleeding.
All RIRS procedures in the contralateral sides were followed by the same methods described in the same authors' investigations. 5, 7 The authors used 11/13-Fr or 12/14-Fr ureteral access sheaths during the combined procedures. Flex-X2 (Karl Storz, Tuttlingen, Germany) and URF-V (Olympus, Tokyo, Japan) flexible ureteroscopes were inserted into the ureteral access sheaths to reach the renal stones. A double-J stent was routinely inserted and removed at postoperative 10-14 days. When mini-PCNL and RIRS were carried out in the same session, RIRS procedures were preceded by mini-PCNL procedures.
Clinical parameters
Patients' characteristics included age at surgery, sex, body mass index, laboratory results of serum creatinine levels, estimated glomerular filtration rates and hemoglobin levels. Stone characteristics included surgical methods, laterality, stone composition and stone density (HU assessed by an ellipsoid region of interest), stone size, and volume (0.523 9 length 9 width 9 height). The computed tomography scans were acquired preoperatively. Information regarding the presence of hydronephrosis and infundibulopelvic angles was acquired, 8 and the stone distribution was analyzed by using the S-ReSC scores, which were based on the nine caliceal spaces. 9 Intraoperative parameters included operative time per surgery and transfusion. The operative time was defined as the time from endoscopic insertion into the urethra to the insertion of the urethral Foley catheter, and from the insertion of the puncture needle to the skin suture in the flank area for RIRS and mini-PCNL, respectively. Follow-up images of plain X-ray or non-contrast computed tomography were acquired 1, 7 and 60-90 days postoperatively to assess the absence of residual fragments. Stone-free status was clinically defined as the absence of evidence for remnant stones >2 mm on the follow-up images. The fragmentation efficiency is defined as the removed stone volume (mm 3 ) divided by the operative times. All parameters represented the mean value AE standard deviation or frequency (percentage). The surgeons' operation experience was analyzed and compared between the initial 13 cases and the latter 13 cases during the combined procedures.
Comparative results were analyzed by using an independent t-test or a Mann-Whitney U-test between the two groups. Categorical variables were analyzed by the v 2 -test and Fisher's exact test. Statistical significance was considered at P < 0.05. Statistical analyses were carried out by IBM SPSS Statistics version 20 (IBM, Chicago, IL, USA) and R version 3.0.1 (http://www.r-project.org).
Results
Patients and stone characteristics
Patient demographics and stone characteristics are shown in Table 1 . The S-ReSC scores were significantly lower for the RIRS side compared with the PCNL side (P < 0.001). The number of stones was not statistically different between PCNL and RIRS sides (P = 0.362). However, maximal stone size and total stone volume were significantly higher in the PCNL side than the RIRS side (P < 0.001 and P < 0.001, respectively). The presence of staghorn stones on the RIRS side was similar to that on the PCNL side (P = 0.139). Table 2 shows perioperative parameters and surgical outcomes. The SFR of the initial ECIRS side was 76.9%, and the SFR of the contralateral RIRS side was 92.3%, but the difference was not statistically different (P = 0.248). Maximal diameters of the remnant stones ranged from 3 to 6 mm, except in a single case of a 22 mm-sized remnant stone in which case the surgeon stopped the surgery for bleeding. The number of remnant stones ranged from one to three. Six renal units with remnant stones occurred in the For remnant stones >2 mm, second procedures were required in three renal units (SWL in two patients and ureteroscopic removal in one patient), and residual stones of five renal units were followed up without further management. Overall, the SFR 6 months after the first procedure was 92.3% (24/26 patients). Complications occurred in two patients (7.7%), who showed postoperative bleeding and a urinary tract infection. These conditions were completely resolved with appropriate medications of antibiotics and antiinflammatory within 2 weeks postoperatively.
Surgical outcomes
Operative times of the initial and the latter 13 cases were 133.0 AE 86.5 min and 92.7 AE 62.3 min, respectively (P = 0.185) in the PCNL cases, and 87.8 AE 40.0 min and 62.5 AE 40.0 min in the RIRS sides (P = 0.120). Fragmentation efficiency of the initial and the latter 13 cases were 100.3 AE 97.6 mm 3 and 158.4 AE 124.0 mm 3 , respectively (P = 0.198) in the PCNL cases, and 26.1 AE 12.5 mm 3 and 30.4 AE 35.2 mm 3 , respectively (P = 0.679) in the RIRS cases.
Significant predictors to achieve stone-free status
Univariate logistic regression analyses showed that accumulation of surgical experience (OR 117.330, 95% CI 1.096-12 557.0, P = 0.046) was a significant predictor for stonefree status (Table 3) . When the clinical parameters of the cases with any remnant stone were compared with those without any remnant stone, the number of stones showed a statistically significant difference between the groups (Table 4) .
Discussion
There is no definite answer regarding management of patients with bilateral renal stones; the most appropriate treatment is still being debated. Surgeons are typically concerned about renal injury and potential postoperative renal insufficiency after single-session bilateral surgery, and thereby choose staged procedures to avoid chances of increased complications. Previous studies have reported significant complication rates for ureteral injury and postoperative fever after singlesession bilateral ureteroscopy. 10, 11 This increased complication rate was associated with the first generation large-calibered rigid ureteroscopes (>10.5-Fr); multiple tracts were required, and the complication rates increased after bilateral PCNLs. Recent investigations showed the feasibility of minimally-invasive surgery, and no definite evidence of perioperative renal injury after the further development and advancement of these instruments. 5 This strengthens the potential for the feasibility of bilateral single-session simultaneous endoscopic surgery; 12 the present study is the first observational study on single-session bilateral PCNL and RIRS surgery.
Recent instrumental and technical developments have brought great changes to stone surgery. First, PCNL is now accepted as effective and safe following high success and low complication rates. 13 Valdivia Uria et al. provided evidence for a decreased risk of positioning-associated injury in the supine position, and decreased the time required when compared with turning the patient to the prone position. 14 The advantages of supine PCNL include fewer respiratory or cardiac complications, spontaneous drainage of fragments, and less fluid absorption; 4 it might also be easier to approach the upper calyx through a lower-pole puncture in the supine position compared with the prone position. 15 Furthermore, efforts to decrease access-related complications and morbidities led to the use of smaller-caliber instruments during PCNL. The miniaturized instruments have caused less stress on the kidney, and have resulted in less bleeding compared with conventional 30-Fr instruments; this has been shown in previous studies. 5, 7 Second, RIRS, although its definite indications are not yet established, has an extended potential in treating upper tract stones; stones in any location can be approached and removed by RIRS with the least difficulty. 16 RIRS shows higher success rates than SWL, 17 and lower complication rates than PCNL. 18 RIRS is also recommended for lower-pole stones >1.5 cm, because the efficacy of SWL is limited. 1 Furthermore, the EAU guidelines have commented that RIRS is an available second-line treatment for renal stones >2 cm. 1 Third, a combined antegrade and retrograde approach would be one of the most important innovations in stone surgery. The supine position makes it easy to access the urethra, and allows more comfortable retrograde approach during PCNL and simultaneous RIRS. Scoffone et al. introduced the performance of RIRS simultaneously with supine PCNL in patients placed in the Galdakao-modified Valdivia position. 19 The concept was based on using a flexible ureteroscope to increase the SFR, which would be difficult to approach through a percutaneous tract. In 127 patients, a single access rate was 91.3% and the SFR rate was 81.9%. Stones lying in the parallel calyces do not need a second puncture, and can be removed by this technique. The supine position and combined procedures of antegrade and retrograde approach led us to carry out a single-session bilateral PCNL and RIRS in the present study. ECIRS in the prone split-leg position showed feasibility in a previous investigation. 20 However, the prone position is not technically comfortable for surgeons compared with the supine position, especially in men because of management of the scrotum.
The authors want to focus on the feasibility of the combined techniques in terms of cost-effectiveness to avoid unnecessary complications. During these procedures, surgeons should not persist in carrying out the surgery for a long time, and sometimes they should consider a separate session to remove renal stones in the contralateral side. This is important if the first ECIRS procedure was not straightforward. Surgeons should decide on the necessity of these procedures between the advantage of maximizing surgical outcomes, and the disadvantages of longer operative times and devicesintensive surgery. A prolonged surgery might increase anesthetic problems or the surgeons' fatigue level.
There have been some reports on a single-session bilateral removal of renal stone using SWL, PCNL and RIRS. [21] [22] [23] [24] Proietti et al. carried out a single-session supine bilateral PCNL in 25 patients, and reported the primary SFR of 80%. 22 Alkan et al. reported the result of the simultaneous bilateral RIRS in 42 patients, and the SFR was 88.6%. 23 Mason et al. reported a series of 26 patients who underwent synchronous PCNL and contralateral RIRS for bilateral renal stones. 24 In Mason's study, the initial SFR <4 mm was 92.3%, and two of 26 patients had a bleeding complication, which is comparable with those of unilateral procedures. On the contrary, the present study reported the first series of the single-session mini-PCNL and contralateral RIRS in the supine position for patients with bilateral renal stones. In 24 patients, the overall SFR was 83.3% for remnant stones >2 mm, and just two of 26 patients underwent Clavien grade II complications. The SFR of the present study was better than that of bilateral SWL, 21 and similar to those of bilateral PNL or RIRS. 22, 23 The surgical outcomes improved in the latter half of patients compared with the initial half of patients, because the surgeon (SY Cho) was not familiar with the worsened operative field with mild hematuria during the RIRS procedure after the mini-PCNL procedure and the modified supine position. This unfamiliarity diminished after the initial 13 patients. Accumulation of surgical experience was a significant predictor for stone-free status; the number of stones showed a statistically significant difference between the successful and the remnant stone groups. According to the study of Badran et al., the SFR was significantly higher in patients with HU <830. 25 Ganpule et al. reported that the number of stones and density (HU) were significant predictors of stone clearance after mini-PCNL. 26 Anastasiadis et al. assessed the relationship between the stone density and outcomes of PCNL, and commented that treatment success rates increased with low stone burden (HU). 27 There were several limitations to the present study. First, a larger number of cases would have been more helpful in investigating significant efficacy and safety for the treatment modality. This is the first study reporting the results of supine mini-PCNL and contralateral RIRS for bilateral renal stones. Therefore, it can act as the baseline database for further studies. Second, a potential increased complication rate might be a risk of a single-session bilateral manipulation. However, there is no definite evidence for increased complication rates compared with those with staged unilateral treatment. Finally, there continues to be controversy on the advantages and disadvantages of the supine PCNL over the prone PCNL. 15 Further studies might be helpful to compare supine PCNL with prone PCNL.
In conclusion, carrying out ECIRS for ipsilateral renal stones and RIRS for contralateral stones in a single-session was feasible and safe. Patients with bilateral renal stones should be considered as candidates for the combined procedure.
